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Abstract 
Numerical integration is one of several subjects in the numerical method 
course. Some of the integral methods known in the numerical method 
include the trapezoid method, Gauss Legendre, Simpson, Newton-Cotes 
and so on. The purpose of this research is to solve the problem of numerical 
integration using the trapezoidal method, the Gauss Legendre method and 
the simpson 1/3 method. Then compare the results and errors obtained from 
the three methods against the analytical value. The results showed that the 
Simpson 1/3 Rule gave more accurate results than the trapezoidal method, 
the Gauss Legendre method and the Simpson 1/3 method. This can be seen 
from the results and the error value obtained. The results obtained in 
Simpson's Rule are closer to the analytical value than the other 2 methods. 
Likewise for the errors that are obtained, Simpson's Rule has a smaller 
error. In other words, the Simpson 1/3 method has better performance than 
the Trapezoid and Gauss Legendre method. In addition, the application of 
technology in solving numerical integration can be used with the Matlab 
application to facilitate processing and time efficiency. 
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1. INTRODUCTION 
The advancement of information technology that has been increasingly rapid nowadays allows 
humans to obtain information quickly and also with this information technology can help solve 
problems in everyday human life. In the fields of education and science, the use of information 
technology is an important thing in helping problem solving to make it easier to solve difficult problems. 
Mathematics is a basic science that is used in the completion of other disciplines, one of which is 
integral. The use of integrals in everyday life such as in economics, physics, biology, engineering and 
other disciplines that use them. In practice, however, a given integral function requires a lot of 
computations to be solved by the existing calculus rules. This is time consuming and ineffective. 
The use of complex and complex calculus functions requires solving numerically, which is better 
known as the numerical method. [1] The numerical method is a branch or field of mathematics that is 
used to formulate mathematical problems so that they can be solved by ordinary arithmetic or 
calculation operations, namely add, subtract, multiply and divide. Literally numeric method means how 
to count using numbers. Every calculation in the numerical method has a purpose, but it should be noted 
that the main purpose of the calculation is the understanding of the problem to get the right number [2], 
[3] . Therefore the calculation process or the right algorithm is needed in solving problems related to 
the numerical method. So that the calculations can produce good accuracy.   
Some of the integral methods known in the numerical method include the trapezoid method, Gauss 
Legendre, Simpson, Newton-Cotes and so on.[4]–[6] Completing the integration method will be very 
difficult manually and using Ms. Excel is also very time consuming [7] . Computer programming is 
needed that helps users solve numerical integration problems using existing numerical integration 
methods. This makes it easier to find an integral solution with the various functions provided. [8]–[10] 
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The stages used in this research proposal can be seen in Figure 1 below.  
 
 
Figure 1. Research Stages 
 
1) Initial Preparation  
At this stage the researcher prepares for the implementation like the initial study. This research is a 
literature study. So that at this stage, materials, both journals and books, are collected on the topics 
to be discussed in the research. 
2) Start Analitic 
At this stage, the formulation of problems related to integral solving will be carried out in numerical 
integration, namely the trapezoidal, gauss-legendre and simpson methods. From the three methods, 
problem cases are given to be solved by solving the three methods analytically, then looking for the 
relative error value of each method. This relative error shows the effectiveness (performance) of 
each method. The following are the problem cases to be studied: 
3) Program Simulation 
At this stage what is needed is to enter the function of the form y = f (x). Then the function is given 
a lower limit a and an upper limit b. At the time of calculation, the values a and b will be assigned a 
number. After the program is run, a curve with the function y = f (x) will be displayed and the results 
obtained using the Trapezoid method, the Gauss-Legendre method and the Simpson 1⁄3 rule method. 
4) Analysis of Results 
Researchers will analyze the output of the simulation produced by Matlab software, as an evaluation 
to compare the three solutions used. The results obtained from the Trapezoid method, the Gauss-
Legendre method and the Simpson 1/3 rule method will be compared with the analytical solution 
and the smallest error is sought from the two methods. 
3. RESULTS AND DISCUSSION   
3.1 Numerical Integration Completion  
This section describes the calculation steps used numerically in solving the integral method in 
accordance with the examples of problems that have been given previously. 





The following steps are carried out in accordance with the method procedure, namely: 




b. The lower limit (𝑎) is 0 and the upper limit (𝑏) of integration is 1 
c. Number of segments / gutters  𝑛 = 4 
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 = 0,25  
e.  Perform calculations with 𝑖=0, 1,2,3,…,𝑛−1,  
𝑥𝑖 = 𝑎 + 𝑖 ∗ ℎ 
        𝑥0 = 0; 𝑥1 = 0,25; 𝑥2 = 0,50; 𝑥3 = 0,75;   𝑥4 = 1  











{0 + 2 + 2 ∗ (0,25 + 0,7071 + 1,2990)} 
        = 0,814025 







The following steps are taken to solve it: 







2) The lower limit (𝑎) is 1 and the upper limit (𝑏) of integration is 4 
3) The number of segments / glands 𝑛 = 4 






= 0,75  
5) Perform calculations with 𝑖=0, 1,2,3,…,𝑛−1,  
𝑥𝑖 = 𝑎 + 𝑖 ∗ ℎ 
        𝑥0 = 1; x1 = 1,75; x2 = 2,5; x3 = 3,25; x4 = 4 
6) Calculating the amount using equations: 

































The following steps are taken to solve it: 




2. The lower limit (𝑎) is 0 and the upper limit (𝑏) of integration is  
3. The number of segments / glands 𝑛 = 4 






 = 0,25  
5. Perform calculations with 𝑖=0, 1,2,3,…,𝑛−1,  
𝑥𝑖 = 𝑎 + 𝑖 ∗ ℎ 
        𝑥0 = 0; 𝑥1 = 0,25; 𝑥2 = 0,50; 𝑥3 = 0,75;   𝑥4 = 1  
6. Calculating the amount using equations: 
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Following are the numerical completion steps of the Gauss-Legendre Method 




2) Lower limit (a) = 0 and upper limit of integration (b) = 1 
3) Calculating the conversion value of the variable: 
   𝑥 =
1
2
(1 − 0)𝑡 +
1
2
(1 + 0) = 0,5𝑡 + 0,5 
  𝑑𝑥 = 0,5𝑑𝑡 
    Transform ∫ 𝑓(𝑥)𝑑𝑥
1
0
 become ∫ 𝑓(𝑡)𝑑𝑡:
1
0
   





0,5𝑑𝑡 = 0,5 ∫ [(2(0,5𝑡 +
1
−1
0,5)√0,5𝑡 + 0,5)] 𝑑𝑡 
Then the general form 𝑓(𝑡) = 2(0,5𝑡 + 0,5)√0,5𝑡 + 0,5 
that 
4) Count    𝐿 = 𝑓 (−
1
√3




  𝑓 (−
1
√3
) =  2 (0,5 (−
1
√3
) + 0,5) √0,5 (−
1
√3
) + 0,5 = 0,1942924377 
  𝑓 (
1
√3
) =  2 (0,5 (
1
√3
) + 0,5) √0,5 (
1
√3
) + 0,5 = 1,4008035011 
 it is obtained  ∫ 2𝑥√𝑥𝑑𝑥 ≈ 0,5 × {𝑓 (−
1
√3
) + 𝑓 (
1
√3











The following steps are taken in the numerical solution of the Gauss Legendre method that is: 







2) Lower limit (a) = 1 and upper limit of integration (b) = 4 
3) Calculating the conversion value of the variable: 
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4) Count    𝐿 = 𝑓 (−
1
√3






































































































































The following steps are taken in the numerical solution of the Gauss Legendre method that is: 




2) Lower limit (a) = 0 and upper limit of integration (b) = 1 
3) Calculating the conversion value of the variable: 
   𝑥 =
1
2
(1 − 0)𝑡 +
1
2
(1 + 0) = 0,5𝑡 + 0,5 
  𝑑𝑥 = 0,5𝑑𝑡 
    Transform ∫ 𝑓(𝑥)𝑑𝑥
1
0
 become ∫ 𝑓(𝑡)𝑑𝑡:
1
0
   
       



















Then the general form       432 45,05,025,05,06  tttf  
that 
4) Count    𝐿 = 𝑓 (−
1
√3















































































































































The following are the numerical steps for solving the Simpson 1/3 Method that is: 
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2) Lower limit (𝑎) = 0 and upper limit (𝑏) = 1  
3) The number of segments in this case is (𝑛) = 4  







5) The calculation is  𝑖=1,2,3,…,𝑛−1,  
𝑥𝑖 = 𝑎 + (𝑖 − 1) ∗ ℎ 
     𝑥1 = 0 + (1 − 1) ∗ 0,25) = 0 
     𝑥2 = 0 + (2 − 1) ∗ 0,25) = 0,25 
     𝑥3 = 0 + (3 − 1) ∗ 0,25) = 0,5 
𝑥4 = 0 + (4 − 1) ∗ 0,25) = 0,75 
𝑥5 = 0 + (2 − 1) ∗ 0,25) = 1 
6) The value of 𝑥𝑖 at (𝑥), 𝑓 𝑥 =(𝑥𝑖)  
𝑥1 = 0               𝑓(0) = 2(0) × √0 = 0 
𝑥2 = 0,25          𝑓(0,25) = 2(0,25) × √0,25 = 0,25 
𝑥3 = 0,5          𝑓(0,5) = 2(0,5) × √0,5 = 0,7071067811  
𝑥4 = 0,75          𝑓(0,75) = 2(0,75) × √0,75 = 1,2990381056 
𝑥5 = 1             𝑓(1) = 2(1) × √1 = 2 
7) Calculating the amount using equations  
 ∫ 𝑓(𝑥)𝑑𝑥 ≈
ℎ
3
(𝑓((𝑥𝑎) + 𝑓(𝑥𝑏) + 4 ∑ 𝑓(𝑥𝑖) +
𝑘−1






















The following steps are taken in solving the numerical method of the Simpson 1/3 method 
that is: 







2) Lower limit (𝑎) = 1 and upper limit (𝑏) = 4  
3) The number of segments in this case is (𝑛) = 4 











5) The calculation is 𝑖=1,2,3,…,𝑛−1,  

























      
 
6) The value of 𝑥𝑖 at (𝑥), 𝑓 𝑥 =(𝑥𝑖)  
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7) Calculating the amount using equations  
          

































The following steps are taken in solving the numerical method of the Simpson 1/3 method that 
is: 
1) The function (𝑥) that will be integrated is    
1
0
432 426 dxxx  
2) Lower limit (𝑎) = 0 and upper limit (𝑏) = 1  
3) The number of segments in this case is (𝑛) = 4 







5) The calculation is 𝑖=1,2,3,…,𝑛−1,  
𝑥𝑖 = 𝑎 + (𝑖 − 1) ∗ ℎ 
     𝑥1 = 0 + (1 − 1) ∗ 0,25) = 0 
     𝑥2 = 0 + (2 − 1) ∗ 0,25) = 0,25 
     𝑥3 = 0 + (3 − 1) ∗ 0,25) = 0,5 
𝑥4 = 0 + (4 − 1) ∗ 0,25) = 0,75 
𝑥5 = 0 + (2 − 1) ∗ 0,25) = 1 
6) The value of 𝑥𝑖 at (𝑥), 𝑓 𝑥 =(𝑥𝑖)  
01 x          0402060
432
f  
25,02 x          035,93425,0225,0625,0
432
f  
5,03 x          6309,29645,025,065,0
432
f  
75,04 x          9341,334475,0275,0675,0
432
f  
15 x          96412161
432
f  
7) Calculating the amount using equations  
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          





























3.2 Discussion   
From the results of these three methods, the relative error or error will be sought by calculating 
the true integral value of the integral problem used in this study. In addition, the program speed of this 
integral calculation is also displayed which is implemented in the MATLAB program. From these two 
things, the best performance of the two methods will be obtained. In this study, the program created is 
a dynamic program based on different integral problems. Integral problems and their integrant 
boundaries are entered into the Command Window that calls the program saved in M-File Work. The 
program that uses the trapezoidal method in this study the partitions created are four partitions, but if 
you want to use partitions with different numbers, you can do it. Whereas in a program that uses the 
Gauss-Legendre method, it is not the partition that is the benchmark, but the boundaries that are brought 
in the form of the Gauss transformation rule. The Gauss-Legendre method which is carried out by this 
approach is through 2 points. Whereas in the Simpson 1/3 method using segmentation width 4. In each 
program an integral function has been inserted that will be executed so that only the integrant boundaries 
are entered. Especially for the trapezoid method using four partitions and the Simpson method, the 
width of the integration segmentation is 4. 
In the performance analysis of the three methods that have been used, it will be compared with 
the error value of each method approach from the given problem. The comparison of the error value in 
the three methods is obtained from the absolute error value between the analytical value with the 
trapezoid method and the analytical value for the Gauss-Legendre method and the analytical value for 
the Simpson method 1/3. Of the three methods, if the error value is smaller then the method is a method. 
which is more accurate, meaning that the results obtained are close to the analytical value. Although the 








































b. Gauss-Legendre Method error: 
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b. Gauss-Legendre Method error 














Based on the results achieved in this study, the following conclusions were obtained: 
1. The Simpson 1/3 method has the Simpson Rule still giving more accurate results than the trapezoid 
method and the Gauss-Legendre method. This can be seen from the results and errors obtained. The 
results obtained by Simpson's rule are closer to the analytical value than the Fraction method. The 
error in Simpson's rule is also smaller than in the Fraction method on the same partition, namely 4. 
So in other words that in solving numerical integration solutions, the Simpson 1/3 method has better 
performance than the other 2 methods, namely trapezoid and Gauss-Legendre. . 
2. The completion of numerical integration with the three approach methods, namely the trapezoid 
method, the Gauss-Legendre method and the Simpson 1/3 method can be easily solved by using the 
Matlab application. 
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